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ABSTRACT 

The  unknown  effects  of  microshrink  on  the  tensile  properties  of 
cast  nickel-base  alloys  were  investigated.  The  objectives  of  this 
Investigation.^^  to  study  the  effect  of  microshrink  on  the  tensile 
properties  of  ^alloy  713C  and  to  find  nondestructive  methods  of  detect¬ 
ing  microshrink  at  any  significant  level.  Alloy  bars  were  cast,  the 
microshrinkag£  was  measured  metallographically ,  and  tensile  tests  were 
run  at  1000'*F.  A  large  number  of  sources  were  searched  for  information 
on  methods  to  detect  microshrink. 

Within  the  range  of  2.5%  to  9%,  measured  in  the  local  area  having 
the  greatest  amount  present,  microshrink  did  not  have  any  significant 
effect  on  tensile  properties.  A  number  of  methods  to  detect  micro¬ 
shrink  nondestructively  were  found,  but  those  other  than  conventional 
X-ray  radiography  would  require  development.  The  effect  of  microshrink 
on  fatigue  and  creep  properties  was  not  investigated.  Consideration 
should  be  given  to  making  such  an  investigation  of  these  effects.  I<ey«j 
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HISTORICAL  BACKGROUND 


This  research  was  undertaken  as  an  outgrowth  of  an  investigation  of  a  gas  tur¬ 
bine  blade  failure  in  which  the  blade  airfoil  separated  from  the  root  end  during  an 
engine  overspeed  condition.  This  blade  was  found  to  contain  microshrink . 1  Al¬ 
though  the  maximum  size  of  the  microshrink  was  0.035  inch  and  the  amount  of  micro¬ 
shrink  on  the  fracture  surface  relative  to  the  total  fracture  surface  area  appeared 
significant ,  1  the  effect  of  microshrink  on  mechanical  properties  was  not  known. 

Tins  work  was  undertaken,  therefore,  to  investigate  the  effect  of  microshrink  on 
tensile  properties  at  1000°F  (the  approximate  temperature  in  the  fracture  region) 
and  to  survey  potential  NDT  methods  for  the  detection  of  microshrink  in  superalloy 
castings.  The  discovery  and  acceptance  of  such  an  NDT  method  would  probably  also 
improve  the  reliability  of  turbine  blades. 


MATERIAL  AND  PROCEDURE 

To  accomplish  the  above  objectives,  bars  of  alloy  713C  were  cast  at  2835°F  with 
mold  temperatures  of  1800°F,  1900°F,  and  2000°F.  The  purpose  of  this  was  to  obtain 
a  range  of  the  quantity  of  microshrink  present  in  the  material.  All  bars  were  1/2- 
inch  diameter  by  4  inches  long.  The  bars  were  examined  by  X-ray  radiography  ultra¬ 
sonics,  density  measurement,  and  metallography. 

The  photomicrographs  are  shown  in  Figures  1  through  3.  Microshrink  was  dis¬ 
tributed  through  the  specimens,  in  some  cases  rather  unevenly.  The  area  percent 
microshrink  in  the  specimens  was  measured  by  means  of  an  automatic  image  analysis 
system.  Since  the  locations  having  the  greatest  amount  of  microshrink  probably  had 
the  greatest  effect  on  properties,  these  locations  were  included  in  the  microshrink 
measurements.  Since  the  area  percent  microshrink  in  a  transverse  plane  might  well 
relate  to  properties,  the  area  percent  microshrink  in  elongated  areas  transverse  to 
each  specimen  were  measured.  The  approximate  location  of  these  areas,  24  mils  by 
410  mils,  are  given  in  Figures  1  through  3. 

Round  tensile  specimens,  0.252-inch-gauge  diameter,  were  machined  and  tested  at 
1000°F  in  the  as-cast  condition  in  accordance  with  Reference  2.  This  was  the  tem¬ 
perature  in  the  region  of  the  turbine  blade  failure. 


RESULTS  AND  CONCLUSIONS 

Investigation  of  the  Effect  of  Microshrink  on  Tensile  Properties 

The  radiographs  of  bars  cast  with  mold  temperatures  of  1800°F,  1900°F,  and 
2000°F  are  shown  in  Figures  4  through  6.  The  radiographs  showed  a  somewhat  mottled 
appearance  which  was  due  to  the  crystal  structure  of  the  material.  No  microshrink 
was  apparent  in  these  radiographs.  The  ultrasonic  method  was  unable  to  distinguish 
between  grain  boundaries,  second  phases,  and  microshrink.  Hence,  it  also  was  unable 
to  indicate  whether  microshrink  was  present  or  not. 


I.  AMMRC  Study  of  CH47C/T55  I.IIA  Problem  Areas:  Fourth  Stage  Turbine  Blade.  Army  Materials  and  Mechanics  Research  Center, 
letter  Report,  July  1974. 

7.  Standard  Methods  of  Tension  Testing  of  Metallic  Materials.  1979  Annual  Book  of  ASTM  Standards,  Part  10,  ASTM,  ANSI/ASTM  1.8-79. 


Figure  1.  Microshrink  in  bar  cast  with  mold  temperature  of  1800°F.  The  approximate  area  where  measure¬ 
ment  of  area  percent  microshrink  was  made  is  indicated.  Unetched.  (Plate  No.  4971) 


Figure  2.  Microshrink  in  bar  cast  with  mold  termperature  of  1900°F.  The  approximate  area  where  measure 
ment  of  area  percent  microshrink  was  made  is  indicated.  Unetched.  (Plate  No.  4972) 


Figure  3.  Microshrink  in  bar  cast  with  mold  temperature  of  2000°F.  The  approximate  area  where  measure 
ment  of  area  percent  microshrink  was  made  is  indicated.  Unetched.  (Plate  No.  4973) 


The  mold  temperatures  and  associated  density  measurements  were  as  follows: 


Mold  Temp.  Density 

(°F)  (g/cc) 

1800  7.90 

2000  7.92 

Reported  in  7.91 

Literature^ 

Within  the  limits  of  experimental  error,  no  microshrink  was  detected  by  density 
measurements . 

The  amount  of  microshrink  measured  as  described  in  the  Material  and  Procedure 
section  of  this  report  and  the  tensile  properties  at  1000°F  are  given  in  Table  1  and 
graphed  in  Figure  7. 

The  amount  of  microshrink  did  not  have  any  significant  effect  on  the  strength 
and  elongation.  From  the  data,  no  conclusion  could  be  drawn  relative  to  the  effect 
of  microshrink  on  reduction  of  area. 

With  respect  to  the  tensile  properties  measured,  it  did  not  appear  necessary 
to  control  microshrink  within  the  range  studied.  However,  additional  studies  may 
be  desirable,  as  described  in  the  Recommendations,  below. 

Survey  of  Methods  to  Detect  Microshrink  Nondestructi vely 

A  large  number  of  sources  were  utilized  to  obtain  information  on  methods  to 
measure  microshrink.  There  were  a  number  of  possible  nondestructive  methods  for 
detecting  microshrink.  These  methods  are  given  in  the  Appendix.  In  the  case  of 
radiographic  methods,  the  sensitivity  and  thickness  determine  the  minimum  size  of 
defect  that  can  be  detected.  Since  the  maximum  thickness  of  a  blade  of  interest 
is  about  150  mils,  the  minimum  detectable  defect  size  for  radiographic  methods  was 
calculated  as  150  mils  times  the  sensitivity.  This  size  may  be  used  for  purposes 
of  comparing  methods.  The  methods  which  appeared  to  be  of  the  greatest  potential 
value  were  selected.  They  are  discussed  below,  in  decreasing  order  of  the  minimum 
detectable  shrinkage  size. 

Conventional  X-ray  radiography  has  a  minimum  detectable  microshrink  size  of 
3  mils  (in  a  150-mil  section).  The  sensitivity  is  relatively  low,  but  the  method 
is  well  developed,  and  standards  for  the  amount  of  microshrink  are  given  in  Ref¬ 
erence  4.  High  definition  X-ray  radiography  is  done  by  means  of  a  very  small 
X-ray  source.  Radiation  from  this  source  passes  through  the  object  being  radio¬ 
graphed  to  the  film.  Because  of  the  very  small  size  of  the  source,  the  definition 
of  small  features  in  the  object  is  much  improved.  This  method  has  a  minimum  de¬ 
tectable  shrinkage  size  of  0.40  mil  which  is  much  less  than  the  conventional  X-ray, 
however,  it  is  relatively  expensive  and  slow.  High  sensitivity  X-ray  is  done  by 
using  fine  grained,  high  contrast  film  and  optimizing  process  variables.  The 
ability  of  the  process  to  detect  features  which  are  small  in  the  direction  through 
the  thickness  is  thereby  much  improved.  High  sensitivity  X-ray  has  a  minimum  de¬ 
tectable  shrinkage  size  of  about  0.15  mil,  an  even  smaller  size,  but  further 

3.  Aerospace  Structural  Metals  Handbook.  Battcllc  Columbus  Laboratories,  v.  4,  1982,  p.  1. 

4.  Standard  Reference  Radiographs  of  Investment  Steel  Castings  for  Aerospace  Applications.  1978  Annual  Book  of  ASTM  Standards, 

Part  II,  ASTM  I  192,  p.  344. 
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development  of  the  method  would  be  required.  Subthermal  neutron,  radiography  has 
a  minimum  detectable  shrinkage  size  of  0.05  mil,  but  once  again,  further  develop¬ 
ment  of  the  method  would  be  required. 

Based  on  the  above  information,  methods  for  use  and/or  development  to  detect 
and  measure  microshrink  may  be  selected. 


Figure  7.  Tensile  properties  at  1000°F  versus  microshrink. 


Table  1.  PERCENT  MICROSHRINK  AND  TENSILE  PROPERTIES  AT  1000°F 


Mold 

Temp. 

(°F) 

Micro¬ 

shrink 

(X) 

Specimen 

Yield  Strength, 
0.2%  (ksi ) 

Tensile  Strength 
(ksi) 

Elongation 

(X) 

R.A. 

(X) 

2000 

2.5 

1 

111 

135 

9.0 

11.0 

2 

109 

134 

9.5 

13.4 

3 

111 

131 

9.0 

11.0 

Mean 

no 

133 

9.2 

11.8 

1900 

3.8 

4 

108 

129 

8.0 

8.8 

5 

109 

134 

9.5* 

10.4* 

6 

112 

136 

10.0 

10.2 

Mean 

110 

133 

9.2 

9.8 

1800 

9.0 

7 

112 

137 

9.0 

10.2 

8 

111 

127 

7.0 

11.8 

9 

108 

134 

10.0 

14.0 

Mean 

no 

133 

8.7 

12.0 

‘Fractured  outside  gage  marks 
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RECOMMENDATIONS 


Although  microshrink  did  not  appear  to  affect  tensile  properties  significantly 
in  the  range  studied.  Consideration  should  be  given  to  making  an  investigation  of 
whether  it  effects  other  critical  properties,  such  as  fatigue  and  creep. 


APPENDIX  A.  METHODS  FOR  DETECTING  MICROSHRINK 


1.  Scanning  Laser 
Acoustical  Micro¬ 
scope 


2.  Conventional 

X-Ray  Radiography 


3.  High  Sensitivity 
X-Ray  Radiography 

4.  High  Definition 
X-Ray  Radiography 

5.  Eddy  Current 

6.  Subthermal  Neutron 
Rad iography 

7.  Ultrasonic  B-Scan 

8.  Acoustic 
Holography 

9.  Quantitative  Ultra¬ 
sonic  Tomographic 
Imaging 


Sensitivity 
(Percent  of 
Thickness) 


Approximate 
Minimum  Detect¬ 
able  Shrinkage 
Size  (mil) 


a.  0.9  at 
100  MHz 

b.  0.2  at 
500  MHz 


Remarks  R 


Specimens  several  mm  thick  are 
readily  analyzed. 

Thickness  of  specimen  will  be  less  than 
above.  May  be  less  expensive  than  X-ray. 
Shows  internal  structure.  The  smallest 
defect  that  can  be  detected  is  abou‘. 
one-half  of  the  wavelength,  due  to  dif¬ 
fraction  effects.  As  frequency  increases, 
acoustic  attenuation  increases,  and  depth 
of  detection  decreases. 

Relatively  low  sensitivity.  Standards 
for  sponge  shrinkage  are  available  in 
Reference  4. 

Some  process  development  required. 


Relatively  expensive  and  slow.  Thick¬ 
ness  limit:  315  mils  steel  equivalent. 

Surface  defects  only. 

Complements  X-ray.  Development  of 
method  required. 

Specimen  must  have  suitable  shape. 


Ret  iTcnio 


Commercially  available. 


w  '/»  m'i 


‘Lawrence  W.  Kessler,  Sonoscun,  Inc.,  Bcnscnville.  II.. 

tSatrak  DcrBohgosian.  Army  Materials  and  Mechanics  Research  C  enter,  Watertown,  MA. 
fMerlc  Rothen,  Battcllc  Memorial  Institute,  Columbus,  Oil. 

**R.  I'..  Parish.  AIREl,  Harwell.  U.K. 

llJoscph  Marble,  General  Electric  Aircraft  Engine  Group,  Cincinnati,  OH. 
ft  I  rank  Patricclli,  Science  Applications,  Inc.,  la  Jolla,  CA. 

5.  Advanced  Techniques  for  Acoustic  Imaging.  NTIAC  Newsletter.  Nondestructive  Testing  Information  and  Analysis  Center,  v.  7.  no.  3. 
August  1979. 

6.  YOUNG,  J.  D.  G.  I  Research  and  Development  Center,  Schenectady,  New  York. 


7 


of 

es 


DISTRIBUTION  LIST 


Pi 


To 


1  Office  of  the  Under  Secretary  of  Defense  for  Research  and  Engineering, 

The  Pentagon,  Washington,  DC  20301 

2  Commander,  Defense  Technical  Information  Center,  Cameron  Station,  Building  3, 
5010  Duke  Street,  Alexandria,  VA  22314 


1  Metals  and  Ceramics  Information  Center,  Battelle  Columbus  Laboratories, 
505  King  Avenue,  Columbus,  OH  43201 

Commander,  Army  Research  Office,  P.0.  Box  12211,  Research  Triangle  Park, 
NC  27709 

1  ATTN:  Information  Processing  Office 

Commander,  U.S.  Army  Materiel  Command  (AMC),  5001  Eisenhower  Avenue, 
Alexandria,  VA  22333 
1  ATTN :  AMCLD 


Commander,  U.S.  Army  Materiel  Systems  Analysis  Activity, 

Aberdeen  Proving  Ground,  MD  21005 
1  ATTN:  AMXSY-MP,  H.  Cohen 

Commander,  U.S.  Army  Electronics  Research  and  Development  Command, 
Fort  Monmouth,  NJ  07703 
l  ATTN:  AMSSD-L 
1  AMSSD-E 


Commander,  U.S.  Army  Missile  Command,  Redstone  Arsenal,  AL  35898 
1  ATTN:  AMSMI-RKP,  J.  Wright,  Bldg.  7574 

4  AMSMI-TB,  Redstone  Scientific  Information  Center 

1  AMSMI-RLM 

1  Technical  Library 

Commander,  U.S.  Army  Armament,  Munitions  and  Chemical  Command,  Dover,  NJ  07801 

2  ATTN:  Technical  Library 

1  AMDAR-SCM,  J.  D.  Corrie 

1  AMDAR-QAC-E 

1  AMDAR-LCA,  Mr.  Harry  E.  Pebly,  Jr.,  PLASTEC,  Director 

Commander,  U.S.  Army  Natick  Research  and  Development  Center,  Natick,  MA  01760 
1  ATTN:  Technical  Library 

Commander,  U.S.  Army  Satellite  Communications  Agency,  Fort  Monmouth,  NJ  07703 
1  ATTN:  Technical  Document  Center 


Commander,  U.S.  Army  Tank-Automotive  Command,  Warren,  MI  48090 

1  ATTN:  AMSTA-ZSK 

2  AMSTA-UL,  Technical  Library 

Commander,  White  Sands  Missile  Range,  NM  88002 
1  ATTN:  STEWS -WS-VT 


President,  Airborne,  Electronics  and  Special  Warfare  Board,  Fort  Bragg, 

NC  28307 
ATTN:  Library 

Director,  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground, 

MD  21005 

ATTN:  AMDAR-TSB-S  (STINFO) 

Commander,  Dugway  Proving  Ground,  Dugway,  UT  84022 
ATTN:  Technical  Library,  Technical  Information  Division 

Commander,  Harry  Diamond  Laboratories,  2800  Powder  Mill  Road,  Adelphi,  MD  20783 
ATTN:  Technical  Information  Office 

Director,  Benet  Weapons  Laboratory,  LCWSL,  USA  AMCCOM,  Watervliet,  NY  12189 
ATTN:  AMSMC-LCB-TL 
AMSMC-LCB-R 
AMSMC-LCB-RM 
AMSMC-LCB-RP 

Commander,  U.S.  Army  Foreign  Science  and  Technology  Center,  220  7th  Street,  N.E., 
Charlottesville,  VA  22901 
ATTN:  Military  Tech,  Mr.  Marley 

Commander,  U.S.  Army  Aeromedical  Research  Unit,  P.0.  Box  577,  Fort  Rucker, 

AL  36360 

ATTN:  Technical  Library 

Director,  Eustis  Directorate,  U.S.  Army  Air  Mobility  Research  and  Development 

Laboratory,  Fort  Eustis,  VA  23604 

ATTN:  Mr.  J.  Robinson,  SAVDL-E-MOS  (AVSCOM) 

U.S.  Army  Aviation  Training  Library,  Fort  Rucker,  AL  36360 
ATTN:  Building  5906-5907 

Commander,  U.S.  Army  Agency  for  Aviation  Safety,  Fort  Rucker,  AL  36362 
ATTN:  Technical  Library 

Commander,  USACDC  Air  Defense  Agency,  Fort  Bliss,  TX  79916 
ATTN:  Technical  Library 

Commander,  U.S.  Army  Engineer  School,  Fort  Belvoir,  VA  22060 
ATTN:  Library 

Commander,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS  39180 
ATTN:  Research  Center  Library 

Commander,  U.S.  Army  Environmental  Hygiene  Agency,  Edgewood  Arsenal,  MD  21010 
ATTN:  Chief,  Library  Branch 


No.  of 
Copies 


To 


Technical  Director,  Human  Engineering  Laboratories,  Aberdeen  Proving 
Ground,  MD  21005 
1  ATTN:  Technical  Reports  Office 

Commandant,  U.S.  Army  Quartermaster  School,  Fort  Lee,  VA  23801 
1  ATTN:  Quartermaster  School  Library 

Commander,  U.S.  Army  Radio  Propagation  Agency,  Fort  Bragg,  NC  28307 
1  ATTN:  SCCR-2 

Naval  Research  Laboratory,  Washington,  DC  20375 

1  ATTN:  Dr.  C.  I.  Chang  -  Code  5830 

2  Dr.  G.  R.  Yoder  -  Code  6384 

Chief  of  Naval  Research,  Arlington,  VA  22217 
1  ATTN:  Code  471 

1  Edward  J.  Morrissey,  AFWAL/MLTE,  Wright-Patterson  Air  Force,  Base,  OH  45433 

Commander,  U.S.  Air  Force  Wright  Aeronautical  Laboratories, 

Wright-Patterson  Air  Force  Base,  OH  45433 
1  ATTN :  AFWAL/MLC 

1  AFWAL/MLLP,  M.  Forney  Jr. 

1  AFWAL/MLBC,  Mr.  Stanley  Schulman 

National  Aeronautics  and  Space  Administration,  Washington,  DC  20546 
1  ATTN:  Mr.  G.  C.  Deutsch  -  Code  RW 

National  Aeronautics  and  Space  Administration,  Marshall  Space  Flight  Center, 
Huntsville,  AL  35812 

1  ATTN:  R.  J.  Schwinghammer ,  EH01,  Dir,  M&P  Lab 
1  Mr.  W.  A.  Wilson,  EH41,  Bldg.  4612 

1  Committee  on  Marine  Structures,  Marine  Board,  National  Research  Council, 

2101  Constitution  Ave . ,  N.  W.,  Washington,  DC  20418 

1  Librarian,  Materials  Sciences  Corporation,  Guynedd  Plaza  11,  Bethlehem  Pike, 
Spring  House,  PA  19477 

1  The  Charles  Stark  Draper  Laboratory,  68  Albany  Street,  Cambridge,  MA  02139 

Wyman-Gordon  Company,  Worcester,  MA  01601 
1  ATTN:  Technical  Library 

Lockheed-Georgia  Company,  86  South  Cobb  Drive,  Marietta,  GA  30063 
1  ATTN:  Materials  and  Processes  Engineering  Dept.  71-11,  Zone  54 

General  Dynamics,  Convair  Aerospace  Division,  P.0.  Box  748,  Fort  Worth,  TX 
1  ATTN:  Mfg.  Engineering  Technical  Library 


76101 


No.  of 
Copies 


To 


i 

E 

»*\ 

i 

a 


: 


1  Mechanical  Properties  Data  Center,  Belfour  Stulen  Inc.,  13917  W.  Bay  Shore  Drive, 
Traverse  City,  MI  49684 

1  Mr.  R.  J.  Zentner,  EAI  Corporation,  198  Thomas  Johnson  Drive,  Suite  16, 

Frederick,  MD  21701 

Ecole  des  Mines,  Centre  des  Materiaux,  B.P.  87,  91003  EVRY  CEDEX,  FRANCE 

2  ATTN:  M.  Gerard  Lesoult  and  M.  J.  L.  Lecomte 

Ross  &  Carherall  Ltd.,  Forge  Lane,  Killamarsh,  Sheffield  S31  8BA 
1  ATTN:  L.  S.  Taylor 

Howmet  Turbine  Components  Corporation,  699  Benston  Road,  Whitehall,  MI  49461 
1  ATTN:  W.  R.  Freeman,  Jr.,  Vice  President  and  Technical  Director 

Corning  Glass  Works,  Corning,  NY  14830 

1  ATTN:  John  W.  Laws,  Senior  Project  Engineer,  Metallurgical  Engineering  Dept. 

TRW,  Inc.,  Cleveland,  OH  44117 

1  ATTN:  Charles  S.  Kortovich,  Section  Manager-Physical  Metallurgy,  Materials 
Technology,  TRW  Equipment 

1  Mr.  M.  Weaver,  Materials  Technology,  TRW  Equipment 

National  Gas  Turbine  Establishment,  Farnborough,  Hants,  U.K. 

1  ATTN:  Dr.  J.  E.  Restall,  Materials  Science  Dept. 

United  Technologies  Research  Center,  East  Hartford,  CT  06108 

1  ATTN:  Norman  S.  Bornstein,  Chief,  Materials  Process  Research 

Director,  Army  Materials  and  Mechanics  Research  Center,  Watertown, 

MA  02172-0001 

2  ATTN :  AMXMR-PL 

1  Author 


fl*— « 

OMM»-  ^ 

to  o  oc  z 

Q)  LU  •— « 

or  cx.  or 

to  o  X 
to  *-«  oc  l/> 
U  «-»  CL.  o 
r-  ai  oc 

C  to  LiJ  <_> 

0>3_»i—i 
C  C  — •  X 
y  uifl 
(U  03  Z  u. 
Y.  uiujo 


—  X  CX  LU  • 

TJ  o  x  v-  nc 

<-  *->  to  LU 

4-  4-  O  O  >s 
a;  <ua  w 
w  uuu  u 
OJ  «o  — •  X  oj 

Y.  ~x  351  »  a. 


)  a»  a;  *  a»  -o 

3  -C  T3  -C  — 
»*>  •-  Cl—  to 


ai  c 

5^8-0 

J  au  • 

■>  o  4-»  to 
J  >*—  03  *-> 
U  —  O)  CTt  u 

-  Q3  >  •»-  03 

-  >  QJ  *4- 

y  -r-  T>  IO  t*_ 
4-1  OJ  OJ 

■»  u  a;  > 

:  3  i-  c  a» 


-  to  cr  *-»  x 

-  «MU  O 

-  -a  i-  c 

:  c  *♦_ 
r  O  T3  to  O 

-  c  •—  <o 

■»  3  X  C 

©  O 

sc  J  «o  •— 

:  ■—  ai  4-> 
3  4-  >>  —  OJ 
xr  x  *->  cr 

JtOO-L--— 

►  o  10  a>  <-» 

3  1-  L  Q  10 

:  u  cr  o  oj 
•*-  o  t-  > 
■»  E  O.  C 

>  T3  •*- 

:  4-»  <d  a 

u  x  a>  c 

3  (U  0)  03 
-*■»>,  4- 
J  43  IT3  U£ 
TJ  U  O 
C  »  T>  3 


cr 

:  to  it)  <u  c 

t  T?  C  3  r- 

)  O  O  CT-* 

-  -*=  —  -r-  S 


t— •  OC  to 

u.  V-  -O 

— »  LO  w 

l/>  — .  o 

</>  O  3 

< 

JO  >s 

t_>  LU  03 

Z  h~  ^ 

ZD  • 


oj  c-j  ^ 

to  o  ix  z 
0)  ui  •— * 
nr  a.  cn 
to  o  X 
to  *j  cn  t/1 
a  ♦-»  a.  o 

■—  43  oc 
C  to  1*J  o 
3 

C.  C.  ~YL 
U  U  LO 
03  it)  Z  U. 
Y.  to  UJ  O 


w  c-u 

—  *  OC  UJ  • 
03  O  X  4—  OC 
-r-  *J  t/UU 
V  V-  o  o  >, 
03  aia  t- 
w  WUUJ  t 
03  03  —  X  03 


1  O  03 

4-  3  *4-  4- 
3  CL  JD  03  03 


♦_>  Ol  *J  r-  1 

»  OJ  X3  tO 

CT  C  1 

>  C  O  C  03  «t 

:  3 

X  > 

*  to  It)  C 

■  aior  o 

•  1-  o 


0)  0)  '4ITJ 

-C  -o  -C 
*->  *-  c  )—  to 

to  3  C 

cr  c  o  o 


•  «o  0)  -C  4- 

»  c  e  ♦-»  - 

o>  t  C 

*->  o  c  cr 


*■0  3  0) 

-  >-,u-  to 

:  —  03  ai 

t>—  -o  tt)  > 

-  03  03  E  0) 


*>  c  C  .1  ■  *-> 

1  Q  03  CTt  O 

3  03  03  C 

4-  to  O 

'  cr  *->  ■a 

3  0  0)  1- 

1—  4.  ■  T3 
C  —  03  IC» 

:  •«  x  ■  x 

-  *J  OJ  c 

-  0J  tO  r- 

:  E  03  «4-  4. 

3  O  O  C 

)  -o  V.  to 

-  01  3  II  O 

3  4.  o  cr  X 

•  3  to  C  U 


4-  03  • 

03  E  O 
5  CL  03  • 

O  *->  to 

>>■—  03  4-» 

r—  oj  cr  o 

oj  >  a> 

>  03  *-»  4- 
■r~  ■CJ  to  4- 
*->  a*  03 
u  03  > 

3  4-  C  03 
4-  to 

4-»  3  03 

w  a  *-*  c 
03  03  O  ♦J 
X3  4.  C 
C  4— 

O  T3  to  O 
C  —  03 
3  5  C 

o  o 

C  ?  to  — 
•#—  03  *-* 

c  >,  —  03 
c  x  v»  cr 
<0  a.  4-  — 
o  03  03  «-» 
c  t-  cl  to 
o  cr  o  03 
-  O  4.  > 
r  -  a.  c 


t-5  >1  L. 

03  03  U  -C 
T3  C  U 
•  T3  3 
O  x  C  to 
M  O) 

—  cr 
to  03  0)  c 
■o  C  3  - 

o  o  cr  * 

5  ? 


o  o  to 

03  0)  Z  Li_ 

5.  uuuo 

l/M-  *-i 

C?  0)  z  o 
C  y  »/D  O 


'O  C  *  *  CJ 

—  3;  l.l  • 

oj  o  :c  » -  tr 


4-  C  *-> 

•  tO  03  C 

>  O)  O  03 

1  X  E  C  to 

*  3«-03 

3  03  C  C  4- 

1  cr  t-3  n 

OJ  03  *- 

■  CT>t  4J 

>  C  c  C 


03  C  C  •— 

O  UJ  I-  Ot 

e  x  c 
3  4-*  C  03 
c  to  a 
c  o 

rt  a,  u  -o 


•  4-  4.  4-» 

10  •  c  to 

—  li-  to  03 

C-  O  o  4-> 

I  o  V-  03 

a>  o  u  oj 

1  C  O  I-  4- 

,  ».»  —  p  r* 


U  ru  ist 
4.  Ss  U  1 
03  *—  ►- 
03  OJ  I—  ^ 

to  o  cc  z 
03  UJ  *-• 
cr.  a.  ex 
tO  O  X 
to  4-»  <X  to 
U  4-3  CL.  o 
—  03  OC 
C  i/IUJU 
0)  3  _i  — « 

c  x  —  s: 

O  0  to 
03  03  Z  U- 
r  i/iii30 
tO  4  •  t 
TJ  03  Z 

c  'O 


—  J  K  IJ  • 

i*i  o  x  1 —  cr 

—  4-»  </L  llJ 

1-  u  o  o  >» 

03  03  O'-  4- 

*->  U  O  LU  t- 

03  03  — '  X  03 

Y  x  Y  n. 


O  »->«♦-  IT) 

4_  3  ■*-  4. 
Cl  O  13  'll 


v  ■  vv  r,v*.  . 


r 


O)  - 


OJ 


_  to  QJ  _  _ 

it>  ai  u 

>  x)  (U,c  o 

»  >>  c  5  3  *-» 

)  T>  o 


aj  ai  •  a>  x> 

x  --  c  r  ■-» 

ci-  to 
to  3  tr 

cn  c  o  o 

C  0J  4~  *  <-J 


3  C  tO 


to 


QJ  x> 
0  tJ  m  i.  o 

£=  a  OI  -t; 
o  ♦»-  »  P> 


<_)  UJ 
Z  »— 
X)  —* 


4-  *->  >>-C 

O  v-  c  Q 
QJ  oj  fa  qj 


(U  ow  cn 
>  V.  03  o  a> 

■«-  CL  ^-4. 
p>  . —  a> 

(J  It  C  fl  J 

a; 

*— >  •*-  i~  a/  co 

i/i  c  E  <u 


>  aj  c 

03  E  U  OJ  « 

XT  O  <U  E  XJ 

J  Q  OJ  ■ 

OJ  4->  O  w  U) 

OJ  U  ITS  4-» 

4-  OJr-  (K  C7i  U 

«  V  a/  >  -C  QJ 

»♦-  >  oj  +j  4- 

—  ai  -r-  TJ  CO  4- 

<o  4-*  a>  <u 

O  4-J  u  qj  > 

o  c  rj  4.  c  a; 

n>  i-  w> 

o  *->  3  aj 

<d  •«-  to  a*J  r 

*->  r-  XJ  5-  C 

C  C  4- 

c  cn  o  to  to  o 

*—  •*“  C  •—  5 

to  3  i  C 

XJ  o  o 

ai  >,  c  5  to  •*- 

4.  c  •*“  a»  p» 

3  03  4-  >s  •*-  03 

to  r  r  t>  o> 

m  at  irt  a  s.  t 

a/  >  o  id  d)  *-) 

E  to  u  4.  CL  cO 

■c  u  t7«o  ai 

-  -r-  O  4.  > 

*■>  E  *•-  &  C 

O'  O  XJ  — 

c  *j  io  a 

o  u  4.  a>  c 

*-»  XJ  OJ  <D  <n 

r-  P>  >,  4. 

• »  TJ  aim  u  r 

40  TJ  4.  U 

■  I  TJ  3 

CM  C  O  X  C  i/> 


P-  L  — 

O  £  in  fl  5)  C 
v/>  T3  C  3  •*- 
<D  O  O  O  CT'-iC 

(O'  4-  C  -r-  r- 

C  O  P»  +J  PJ 

«g  •»-  aj  c  <tj 

4EE4)t-0 


0)  4_  -*  > 

c  «o  oj  c  c  •*- 

OJ  £3  03  -r-  cn 

ruE-ci- 

t<  a  d  t)  r  (u 

•f~  C  to  £3 


c<  a;  l  t) 

3  -E  U  — 
•  O  •*-*  3 

-*  E  •  O  E  o 

C  03  CO  _E 

•r-  a;  d>  4-  to 

4.  p>  -r  tO  o 

-C  t/3  P>  O  c 

W  Q)  L  £  *j  o 

o  4J  01  4-»  O  *r* 

4  it)  Q  QJ  P» 

O  OJ  O  4->  4-  03 

•£  l-  *-  3  4-  t 

E  cnaa  d  a/ 


i 


I 


P»  4-  fO 
3  4-  L 
X)  41  111 


c  c 
V  O  3 
t_>  O  « 


u  cm  i 
J-  r^.  i 
fl  i —  ► 

CU  CM  E 
to  O  C 


0J 


CL  CC 
1  O  X 

>  CC  uO 

>  CL  O 


ro  3  . 
.C  -E  ► 
out 
a>  /a  : 

I  VII 


to  4 


"h 


a:  a.  cc 

to  o  x 

W  4J  O'  t/1 

U  WQ-O 


C  to  UJ  o 


U  O  to 
JJ  -IS  Z  LL 
X  to  UJ  o 


lO  C  —I  o 
<-  >  a  lj  . 
«  oii-a 
•*“  4-»  LO  UJ 
4-  U  O  Q 
aj  aj  (x.  w 

W  U  (JUJ  4 


2  3i 


O  (O 
3  «0 
U  U 


aj  <u  <v  •  4j  a 


1 


£  1/1  ai  fl  T3 


*J  Q>  4-J  r  c  4-  10 


•o  «  C  O  I 


<0  >,  C  5  3  ■*->  <-• 


a 


E  cn 
aj  cn  o 

*J  C  *— 


-  r—  1/1  <V 


:  /o  ♦>» 

*  u  >, 

J  (U  r- 

:  OJ  4-  OJ 

4-  > 

:  «■—  a> 


£  P  fl  m  5  TJ 


/g 


*->  co  >  to 


U  U 

:  o  c  3 

fl  4 
U  *-> 
*  «u  -r-  to 
i  r  4-  m 


E  xi 

CX  Of  • 
O  4J  to 
■ —  «o  *-* 
a;  a  u 
>  •»-  qj 
<u  u  4- 
a  i/i  v 
<U  QJ 
oj  > 

4.  c  ai 

•»«  to 


Q)CEPi'-D4c 


4.  to  O  E  XI  E 


c  c 

c  cn  o  o 

<-  Cr 


fl  C  --  T 


0>  >,  C 
4-  C  <- 
3  <n  4.  : 


n^—  xj 

'  fO  dJ 
>  U  E 


03  dJ  to 

OJ  >  O 
E  fl  4 


Q.  4-  r- 
fl  OJ  P 
4-0-10 

cn  o  a; 


4-  CO 
a>  x 

^  < 
E  tr> 
dJ  o 
> 

O  CM 
Z  tO 


♦->  >>X 

»  1-  c  c 

111  fl  C 


o/  ai  cp  c 


£  >  4  n)  O  C  -r- 


^  r—  OJ  tO 


p  a  ai 

nf  TJ  ai 


•«-  a.  c 

T3 

<T3  Q. 

4  Ol  C 
0J  «a 
>1  4- 
fl  ur 


C  U  QJ  C  <0  5 


O  OJ  •—  ■*-  - 


XJ  3 


CM  C  O  X  C  to 


u  o 
co  QJ  O 
■'—> 

a  o  co 


>  XJ  4. 

.  ai  3  i 

J  4-  O  I 
-  3  to  | 


4-  x:  o  o  o  e 


-  o  cn  c:  qj 


tO  QJ  t 

<a  -o 
J  E 


z  o 
-  o  o 

—  E 


I  03  • 


lOVJ4-(U<UCEEE-C:4- 


•  Oi 


P  IO  £  O  O'  P  CL  3 


4.  r—  OJ 
o  fl  c 
Cl  03  o 


OJ  >  o  4-  .*  cn^c  < 


C  4.  o  C  4- 


p  c  w 

to  -Q 
4.  O 
QJ  4.  T3 
-C  U  «— 


-  O  Q  >, 
j  ac  4- 

>  UU  4 

3  J-t  x  OJ 
’  X  4—  Q. 


^  E  •  O  E  O 


J  ai  p  £  o 


O  1/1*1  C  fl  w 


O  5  OP  4 


r-  O)  i 
4-  i 

£  in  P 
in  Hi  4  j 
OP  OJI 


O  E  03  CL 


JC  r-  4—  •!— 


I —  03  QJ  *-> 


QJ  O  U  OJ  O  *-*  4-  OJ 
EO  r-  4-4-  34-4- 
pr-  E  adfl  d)  d) 


1 


J  <U  -  4J  TJ 
:  I-  T)  £  -r 

J  r-  c.  y~  in 


OJ  4- 


l  to  03 

QJ  TJ  -E 

I  4.  o 


E 

oj  cn 
+j  c 


J  fl  ai 

'  «o  ^  Jo 


r—  p  4  Pi —  I 


QJ  C 

C  4.  QJ  • 

O  QJ  E  XJ 
5  CX  QJ  • 
L->  O  P  tO 
U  >3»~  <0  4-> 
QJ  I —  Q)  cn  u 
4-  OJ  >  •<“  OJ 
4-  >  QJ  U  4- 
QJ  r-  TJ  to  4- 
*->  QJ  Q* 
■  U  0/  > 


O  C  3  V-  C  QJ 


O  •—  r—  • 


qj  cnr--  --  aj  i 


fl  4  -r-  T-  to 

u  *J  3  QJ 

•r-  to  O'  P>  X 

4-  QJ  QJ  O  P 

<-  XJ  4.  C 


c  c 


to 


3  »  C 


CL  >  i —  U  03 


OJ 


4-  CO 
QJ  X 
•O  <x 
E  1X3 
QJ  O 


4.  L 
•  03 
-  >,4-  to 
:  •—  03 

n-—  xj  qj 
■  fl  01  E 

3  U  -E 
r-  U  - 
^  -E  4-  »*) 
:  cl  oj  cn 

3  03  OJ 

4.  to  O 


>.  c  S  <n  ° 

c  -r-  a; 

fl  4  >ii-  fl 

C  C  P  a 

qi  w  a  4  »- 

>  O  0)  QJ  P 

fl  4  4  a  in 

JZ  U  O'  O  QJ 

r-  O  4-  > 

P>  E  CL  E 


Q)  (1  OP  O'  ♦->  XJ  QJ 


JZ  >  L.  ITJ 


O  CM 


O  QJ 
i —  4. 

■ —  QJ  tD 
03  J 


>.  4- 

TJ  OJ  03  U  J 
XJ  4-  i 


CM  C  O  X  C  to 


fl  in  £ 


—  E  E 


U  O 
>  XJ  4. 

-  QJ  3  OJ 
4  O  O' 


in  i-  qi  ’r  3  m  c 


SZ  to  fl  QJ  c 

to  "O  C  3 

O  O  O  CTJ* 

l_  .E  r-  m 

u  p  pi  ♦-»  6 

QI  C  03 


1-1-  u  E  pj  O 


fl  n  oi  p  c 


\!ssf  = 


in  P  4  41  oi  C  £  ! 


iflJ  QJ  *- 
.  -fcC  cnx 
>  C  4. 

•»“  03 

)  U  •—  • 


to  XJ 


4-  O 


KMt  C 
£  £ 


»  >3  O 

o  Qj  i 

J  r-  4-  : 


^  u 


U-  to 


4-  03  Qj  PJ 


E  o  _ 
O  4. 
qj  O  U 

E  O  r- 

E 


C  «t  QJ  4  XJ 
3  £  Or- 

§P»  r-  3 

•  O  E  O 

OJ  to  JZ 

QJ  QJ  4-  IO 
P»  «“  tO  O 

in  p  o  c 

4/  4  £  P  o 


QJ  t 


fl  Q  QJ  *■* 

Ol  O  PP  fl 

4.  C  3  4-  4. 

O'  afl  oj  oi 


v  • .  *•. 


r  / 


